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Abstract
In many cases, the coordinates values of the support network, which were determined at different epochs, 
varies in the limit of measurement and calculation errors. In this case the problem is which of these points from the 
support network are fixed and which are displaced. The purpose of this paper is to establish the fixed points in the 
case of repeated measurements in a support network.  Based on repeated measurements which were made in the 
support networks related to hydropower objectives, were used the statistical assumptions in order to determine 
the displacements of the points from one epoch to another. The instrumental observations in the support network 
were made with high precision total stations. Based on statistical verifications performed in the support network 
related to Drăgan Valley dam, from the eleven pillars, three pillars were established as fixed point. The statistics 
calculated for the other pillars is higher than the statistics extracted from tables, so these pillars could not be 
considered as fixed points. After the calculations, because the values of the point displacements from one epoch 
to another were very small, the determination of the pillars stability can only be achieved through statistical tests. 
The verification of the support network stability is extremely important because if the azimuthal measurements 
made on the tracking landmarks are made from station points which are displaced, then the coordinates of the 
tracking landmarks will be inaccurate.
Keywords: dam, displacement,  landmark, support network.
INTRODUCTION
When designing tracking stations, related 
monitored objectives, it must be taken into account 
to ensure the accuracy required for determining 
the displacements of the sighting landmarks and 
also to ensure the stability of the stations during 
the entire period of observations (Ortelecan and 
Pop, 2005).
The exact determination of the observation 
stations displacements is required, because a 
wrong determination of the displacements may 
distort the shape deformations of the construction.
The accuracy of determining the sighting 
marks increases when the station are closer to 
the researched object. The observation stations 
are placed in the vicinity of the monitored 
construction, at distances that do not exceed 300-
400 m.
A necessary condition for accurate determi-
nation of absolute displacements of constructions 
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is the stability of the geodetic points of observation 
(Kalkan et al., 2010; Wang and Yan, 2013).
In the case of tracking networks related to 
dams, in a first step is determined the stability 
of the network points and the accuracy for the 
stability determination. In the second step are 
determined the displacements of the sighting 
landmarks. The aim of this paper is to present only 
the first step.
Deformation measurements have an important 
status among various engineering surveying. 
The self-weight of a dam and the reservoir water 
pressure are primarily responsible for the increase 
of stresses within the dam body, which in time 
result in horizontal and vertical displacements, 
mostly of a permanent character.
MATERIALS AND METHODS
In the case of repeated measurements, we 
can speak of a change in the position of a point P, 
with a size DP and a mean error S
DP
 (Moldoveanu, 
2003) only if the inequality is satisfied:
Pk StP ∆>∆       (1)
where:  ),( fSttk =       (2)
 S – statistical significance;
 f – number of additional measurements existing 
in the geodetic network; t
k
 – coefficient extracted from the tables of 
Student distribution.
Since the differences between the coordinates 
of the network points are very low, in the case 
of  repeated measurements, in order to establish 
whether these differences are due to measurement 
errors or movement pillars will use statistical assumptions.
According to Danciu (2003), a statistical 
hypothesis is an assumption on the distribution 
characterizing a population or on the parameters 
of this distribution.
Usually it is operating with the null hypothesis 
(H
0
), which is not known whether is true or false, 
and in case of a rejection of the null hypothesis 





For verifying the statistical hypothesis the 
steps that need to be followed are: 
• It is calculate the statistics q, depending on the 
measured values corresponding to a known 
distributions;
• It is specified the materiality threshold (a);
• Is established the null hypothesis (H
0






• Is determined a critical value that is extracted 
from tables based on the materiality threshold 
and the volume of selection;
• It is accepted or rejected the null hypothesis, 
according to the calculated statistics (if it 
belongs or not to the critical region).
The statistical test corresponding to repeated 
measurements is called „global test of congruence 
of geodetic network” at the two measurement 
epochs (Niemeier, 1980), and has the following 
form:







=                                   (3)
where: 
III xxd −=                                                                 (4)
d – coordinates difference from epoch I and II
( ) IIiBPBQ iiTii ,1 == − .                              (5)
Qi – weighting coefficients;B
I
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 – degrees of freedom in the two epochs;ni – number of measurements;ui –number of unknown elements;di – rank defect of the matrix BI and BII.
The null hypothesis used at verifying the 
stability of the support network points in the two 
measurement epochs will have the following form:
0:0 =− III xxH                                                  (9)
The value of the calculated statistics (F
H
) is 
compared with the tabelar value (F
h,f,1-a 
) extracted 
from the table of the Student distribution, getting 
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on the null hypothesis the confirmation or 
infirmation of significant changes of coordinates 
of the point network from a measurement epoch to another.
In the case where
{ } aa => 0-f,1h,H F F HP                                          (10)
the hypothesis of equal coordinates in the 
two measurement epochs is admitted, so in the 
network do not occur significant displacements of the points.
The statistical calculations regarding the 
stability of  the geodetic network will be based 
on the functional model and the statistical model 
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II – measurement corrections;B
I
, B




 – point coordinates in the two epochs.
The case study was applied to the network 
related to Floroiu dam, located at the confluence 
of the creek Sebeşel and the creek Drăganului, 
Cluj county, Romania (Fig.1- situation before 
construction; Fig. 2 - after filling the lake).
The geodetic network for plannimetric 
tracking of the dam (Fig. 3) is formed of eleven 
pillars located downstream of the dam and are 
disposed as follows:
- six on the right bank of the valley - I, II, III, IV, X 
and XI;
- five on the left bank of the valley - V, VI, VII, VIII 
şi IX.
 The coordinates of the network points are 
determined in a local coordinate system XOY, 
with the axes disposal as follows:
- the X axis is oriented on the direction 
downstream - upstream, with a growth sense of 
the coordinates towards the upstream.
- the Y axis is oriented on the direction right 
bank - left bank, with a growth sense of the 
coordinates towards the left bank.
In the planimetric network were made 
measurements with the total station Leica TS30, 
which has a accuracy for angular measurements of 
0.5cc and an accuracy for distance measurements 
of 0.6 mm + 1ppm.
The geodetic measurements in the planimetric 
network were achieved using the reiterated 
complete series method and the offsetting, in a 
first step, was treated as measurements in a free 
network.
In the network taken into study were 
performed 85 azimuthal observations from which 
Fig. 1. Location dam Floroiu (source: map L-34-46-C-b)
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were removed the reciprocal visas VII-VIII and II-
IX due to improper observations.
According to the method of indirect 
measurements, for each azimuthal observation it 
will be written a system of equations of corrections, 
therefore it will be obtained a system of 81 
equations with 33 unknown elements, of which 
22 unknown elements represent the coordinates 
variation of the network points and 11 unknown 
elements represent the orientations variation of 
the station points. By applying the equivalence 
rules 1 and 3 of Schreiber was obtained a system 
of 92 equations with 22 unknown elements, which 
has the following form:                               (13)
where:
A – coefficient matrix;
X – the unknown elements of the system;
l – the free terms;
V – the measurement corrections.
              (14)
                                      (15)
ai, bi, …ui – dirrection coefficients calculated with 
the provisional coordinates from the basis 
measurement;
P=-1 - for the sum equations.
Fig. 3. Sketch of the microtriangulation network with the directions observed
Fig. 2. The accumulation lake and the dam ( source: https://maps.google.ro/)
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Since the normal system of equations of the 
form (16), has the normal coefficient matrix as 
singular, solving the system was performed by the 
Mittermayer method (relation 17):
              (16)
              (17)
where:
 N = ATPA
The standard deviation of weight unit is 






=0                (18)
where:
 n – number of equation;
 u – number of unknown elements;
 d – the rank defect.
 In the case of free networks, the correlation 
matrix of the unknown elements is determined 
with relation 19 and the standard deviation 
of the unknown elements is determined with 
relation 20: 
             (19)
                                           (20)
RESULTS AND DISCUSSIONS
After solving the normal system of equations 
by the Mittermayer method (relations 16 ÷ 20), 
were obtained the values of the coordinates 
support network corrections and the precision 
indices (Table 1).
Since the provisional values of the support 
network coordinates were considered as 
values of the coordinates obtained in the basis 
measurement, the corrections ‚dx’, ‚dy’ represent 
the displacements of points on both directions, 
from the basis measurement to the current measurement and dp represent the linear 
displacement of the points.
The mean square error of unit weight ‚S
0
’ 
(standard deviation) is calculated from equation 
18 and reflects the internal precision of the 
network if the network is considered free and has 
a value of 10.6 mm. The mean square errors of the 
unknown elements (Sx, Sy) were calculated with 
equation 20 are shown in Table 1.
Because the mean errors of the coordinates 
(Sx, Sy) change their value when changing the 
coordinate system, the local accuracy is expressed 
through the errors ellipâse which is an invariant of 
the matrix of covariance, which does not depend 
on the system of axes of coordinates, the  ellipse 
parameters depend on the geodetic network 
configuration and the measurement accuracy.
The parameters of the error ellipse represent 
a reliable domain for planimetric position of a 
point, and their values for the network taken into 
study are presented in Table 2.
After calculating the F
H
 statistics with relation 
3 was obtained the value 5.26. The tabular value 
(F
h f, 1-a
) extracted from the Student distribution 
Tab. 1. Values of the coordinates support network corrections and the precision indices





Sx  [mm] Sy  [mm]
Sp  
[mm]
I -1.46 -1.95 2.44 0.27 0.92 0.96
II -0.99 -3.14 3.29 0.37 0.22 0.43
III 3.06 3.88 4.94 0.33 0.50 0.60
IV 3.64 -1.37 3.89 0.20 0.36 0.41
V 3.84 2.61 4.64 0.29 0.30 0.41
VI 3.01 4.38 5.32 0.35 0.23 0.42
VII 4.07 6.39 7.58 0.39 0.23 0.46
VIII -16.87 -18.71 25.19 0.57 0.80 0.98
IX 0.33 7.05 7.06 0.30 0.34 0.46
X 0.30 -2.97 2.99 0.80 0.41 0.90
XI 1.07 3.83 3.97 1.20 1.15 1.66
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table, by reference to indices of significance a have 
values present in Table 3:Based on the values obtained in accordance 
with relation 10, the assumption of equal 
coordinates in the two measurement epochs is 
permissible, so the microtriangulation network is stable.
CONCLUSION
Considering the network configuration and 
the number of observations similar in the two 
measurement epochs, it can be concluded that in 
the network have not been any point displacements 
which are statistically significant. 
In the case of monitoring networks related 
to dams, the network configuration remains the 
same for all the measurement epochs. The only 
thing that can change, due to visibility reasons, is 
the number of measurements made in different epochs.
The small values of the error ellipse parameters 
(1-2 mm) indicates that the instrumental 
observations were carried out with precision.
Since the displacements of the support 
network points are determined from the values 
of coordinates from the basis measurement, and these measurements are considered provisional 
values, the corrections obtained from processing the indirect measurements are the displacements 
of the points on the two axes. 
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Tab. 2. The parameters of the error ellipse
Point a [mm] b  [mm] θ
I 1.4 0.3 100.7461
II 1.4 0.2 99.2331
III 1.4 0.2 99.2190
IV 1.1 0.1 99.2206
V 1.3 0.2 100.7845
VI 1.4 0.2 99.6447
VII 1.5 0.2 100.7779
VIII 1.9 0.4 99.2192
IX 1.3 0.1 99.2158
X 2.2 0.4 199.2281
XI 2.8 0.2 0.7851
Tab. 3. Values of indices of significance a (Student 
distribution)
Indice of significance  a 5% 1% 0,10%
Tabular values 1,98 2,62 3,37
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